Samples and lithology. The samples in this study come from Caballos Formation in Putumayo and Upper Magdalena Basins, Colombia (Figure 2), which is described as a marine transgressive blanket sandstone deposited in a shallow water environment. The glauconitic samples are in the upper part of the formation (Figure 3) .
The lithology identification of the 34 samples used was based on thin section description and X-ray diffraction analysis. The five categories (Table 1) were classified as quartzsandstones, sandstones with glauconite (content of glauconite = 10-60%), sandstones with glauconite and carbonates (content of carbonates > 10%), siltstones, and glauconitic wackestones (only glauconite and carbonates). Figure 4 shows typical optical images of thin sections for all lithologies (1-5).
The samples showed large porosity and permeability variations, 2-19% for porosity and 0.01-1200 mD for permeability. Glauconite occurred as grains and as matrix. In all samples, the grains were mainly quartz and the matrix was mainly glauconitic, calcareous, and clay.
Seismic attributes. We analyzed the effects of lithology, porosity, and permeability on the seismic attributes of Pimpedance (velocity ǂ density) and Poisson's ratio by assigning a color to each lithology (Table 1) .
In Figures 5, 7, 9 , and 11, the color assigned to each sample is according to the lithology. In Figures 6 and 8 , the color assigned to each sample is according to the permeability (mD) and in Figure 10 is according to the values of P-impedance given in Mrayls (1 Mrayl=10 6 Kg/m 3 m/s). Formation, Putumayo Basin, Colombia (after Ecopetrol, 2000) .
Sedimentary section of Caballos
The plot of porosity versus P-impedance discriminated by lithology (Figure 5 ), shows two trends. An upper trend is shown by the quartz-sandstones (lithology 1), the calcareous-glauconitic sandstones (lithology 2), the quartz-siltstones (lithology 4), and the glauconitic wackestones (lithology 5). The glauconitic sandstones (lithology 3) fall on a lower trend. At the same porosity values as the lithology 1 sandstones, the glauconitic sandstones (lithology 3) have lower P-impedance. The same plot discriminated now by permeability (Figure 6 ), again shows two clouds: samples with higher values of permeability (lithologies 1 and 3) and samples with lower permeability (lithologies 2, 4, and 5). The plot also shows that, at the same porosity, the glauconitic sandstones have, in addition to lower P-impedance, lower permeability values than the quartz-sandstones of lithology 1. Thus, P-impedance can be a useful quality discriminator for this reservoir, because higher permeability samples are characterized by lower P-impedance.
The plot of porosity versus Poisson's ratio, discriminated by lithology (Figure 7 ), shows that quartz-siltstones and glauconitic wackestones (lithologies 4 and 5, respectively) have high values of Poisson's ratio (> 0.25). In contrast, quartz-sandstones (lithology 1), calcareous-glauconitic sandstones (lithology 2), and glauconitic sandstones (lithology 3) have lower values of Poisson's ratio (0.13-0.24).
The same plot, discriminated by permeability (Figure 8 ), shows the higher values of permeability for lithologies 1 and 3 (quartz-sandstones and glauconitic sandstones). Lower values of permeability correspond to lithologies 2, 4, and 5 (calcareous-glauconitic sandstones, siltstones, and glauconitic wackestones). Poisson's ratio, in this case, is not the most reliable reservoir quality discriminator because it cannot discriminate between quartz-sandstones, glauconitic sandstones, and calcareous-glauconitic sandstones.
Figures 9 and 10 show the relation between porosity and permeability, discriminated by lithology ( Figure 9 ) and by acoustic impedance (Figure 10 ). Figure 9 shows that quartzsandstones (lithology 1) have the best reservoir properties, high permeability, and high porosity. The presence of glauconite in quartz-sandstones (lithology 3) reduces the permeability in samples of similar porosity and, as result, deteriorates the reservoir quality. In addition, the presence of calcareous cement in the sandstones (lithology 2) drastically reduces the reservoir quality. As expected, the very finegrained rocks, glauconitic wackestones and quartz-siltstones, show very poor quality reservoir properties.
The same plot, discriminated by P-impedance ( Figure  10 ), shows that this seismic attribute (Ip) is a reliable reservoir quality discriminator. High Ip corresponds to nonreservoir rocks (calcareous-glauconitic sandstones, glauconitic wackestones, and quartz-siltstones), and low Ip indicates reservoir-quality sandstones.
In fact, within the reservoir-quality sandstones, intermediate values of Ip (11 Mrayls), indicates very good quality rocks (quartz-sandstones) and values of Ip below 10 Mrayls, corresponds to moderate reservoir rocks (glauconitic sandstones).
Finally, the combination of P-impedance versus Poisson's ratio (Figure 11) shows that the samples can be discriminated by lithology. Quartz-sandstones and glauconitic sandstones (lithologies 1 and 3) show relatively low impedance and low Poisson's ratio. Although both lithologies have similar Poisson's ratio values, the lower P-impedance values of the glauconitic sandstones of lithology 3 allow a further separation between them. In contrast, quartz-siltstones, calcareous-glauconitic sandstones, and glauconitic wackestones (lithologies 2, 4, and 5) exhibit higher values of impedance and Poisson's ratio. Conclusions. An evaluation of the best seismic attributes to identify reservoir quality requires assessing the effects of each physical property on the attributes. We find that P-impedance (Ip) is the most reliable elastic property to discriminate reservoir quality. High Ip (above 12 Mrayls) corresponds to nonreservoir quality rocks, and low Ip (below 12 Mrayls) indicates reservoir-quality sandstones. Within the reservoir-quality sandstones, intermediate Ip values (11 Mrayls) indicate very good quality reservoir rocks (quartz-sandstones) and values of Ip below 10 Mrayls correspond to moderate quality reservoir rocks (glauconitic sandstones).
At fixed porosity, the presence of glauconite reduces permeability, velocity, and P-impedance in quartz-sandstones. The additional presence of carbonates with glauconite further reduces permeability and also decreases porosity.
At the same porosity, glauconitic sandstones show lower velocity and P-impedance, than all other lithologies investigated here. Additional presence of carbonates increases velocity and P-impedance.
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